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1
Introduction
Discussions on cell search had an impact on the frequency hopping of reference signals. It is our understanding (as also discussed in [1]) that:

· Frequency hopping means that the frequency location of the RS changes over time based on a cell-specific hopping pattern, defined as “fhop( )” in [2]. The length of “fhop( )” is 10 for frame structure 1 and is 7 for frame structure 2. 

· No frequency hopping means that the frequency location of the RS of all the cells in the system is fixed over multiples of 10ms and is the same for all cells in the system. Further, for this case we understand that the frequency location of the RS is the same across subframes.
The time location of the RS within the subframe is fixed and in accordance to [2].  
On a different matter, the impact of imperfect channel estimation has been largely evaluated by different companies on different topics, see for example [2]. The loss from perfect channel estimation is considerable and therefore any means to improve the channel estimation will enhance the system performance. This comment applies to CCPCH, PDCCH and PDSCH demodulation. 
From that viewpoint, the no frequency hopping option has the advantage that the time/frequency resources for the RS are invariant to the subframe number and therefore an improved channel estimation performance is expected when compared to a structure with unconstrained frequency hopping of the RS frequency locations. 
This contribution proposes a constrained hopping of the DL RS with the objective to providing a sufficiently large set of patterns (170 different ones are required) while enabling enhanced channel estimation performance at the UE. 

2
Discussion 
Figure 1 shoes the subframe structure of a generic subframe “k” with the normal CP duration. Note that we focus the description to the frame structure 1 with the regular CP duration but the extention to the extended CP and/or to the frame structure 2 is trivial. 
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Figure 1. RS structure for a generic subframe “k” (frame structure 1)
From Figure 1, the relative position for each of the transmit antennas of the RS subcarriers in a given subframe is regular and known at the UE once the cell ID is identified. As we can see, the RS subcarriers from each Tx antenna is placed in precisely two different sets of locations. 
A fully unconstrained frequency hopping would place RS subcarriers on adjacent subframes anywhere in the frequency domain (modulo 6). This unconstrained structure would yield 610=60,466,176 (frame structure 1) or 67=279,936 (frame structure 2) different fhop( ) functions. 
Note that only 170 fhop( ) functions are required to identify each of the cell group IDs. 
It would be beneficial to repeat one of the two sets of subcarrier locations for the RS in subframe “k” on subframe “k+1” with the goal to enable improved channel estimation at the UE. Placing some constraints on the location of the RS subcarriers in adjacent subframes could provide enough number of hopping patterns while allowing an improved channel estimation performance at the UE. 

2.1
Proposal

Consider the subframe structure of the “k+1” subframe being
· The same as the subframe structure for the “k” subframe (Figure 1), or

· The structure shown in Figure 2 below were the location of the RSs of antennas 1 and 2 are swapped and the location of the RSs of antenna 2 and 3 are also swapped

[image: image2]
Figure 2. RS structure for a generic subframe “k+1” (second possibility)
With this constrained hopping the number of frequency hopping patterns is 6*29=3072 (frame structure 1) or 6*26=384 (frame structure 2) and therefore it is still sufficiently large. 
At the same time the two sets of RS frequency locations used in subframe “k” are still used in subframe “k+1” enabling the possibility to enhance the channel estimation performance at the UE by using multiple subframes. 

Note that since frame structure 2 is used for TDD only, the improvement of the channel estimation is just possible if the adjacent subframes are known to be for DL transmissions. The UL/DL partitioning for a TDD system will be known from the dynamic BCH and therefore, and therefore the information on whether or not we can do multi-subframe based channel estimation will be known at the UE. 

3
Conclusions

We have presented a proposal of a constrained frequency hopping of the DL RS that provides a sufficiently large set of patterns while enabling improved channel estimation performance at the UE. 
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